Purpose To quantify the age-related changes in muscular capacity in a working population, and to investigate whether these changes are dependent on sports participation. Methods Data were used from the longitudinal study on musculoskeletal disorders, absenteeism, stress and health (n = 1,800). At baseline, isokinetic lifting strength and static muscle endurance were assessed, and endurance measurements were repeated after 3 years of follow-up. Sports participation was assessed using a questionnaire. Results Cross-sectionally, static endurance of the neck/ shoulder muscles was highest among older workers, but decreased longitudinally among all age groups. Younger workers who participated in sports 3 h per week or more had the best performance, but older workers who participated between 0 and 3 h per week had better performance than those who participated in sports more frequently. Conclusions There were age-related diVerences on muscular capacity. Younger workers who participated in sports frequently had the best muscular capacity. For aging workers, moderate sports participation seems to be eVective in keeping them suitable for the relatively growing work demands.
Introduction
Nowadays, the percentage of older workers is rising, due to increasing life expectancy, increasing retirement age, and increasing societal demand on continued participation of older workers.
The aging worker is in many aspects diVerent from the younger worker, due to physical and mental changes associated with aging. Between the ages of 25 and 70, the body composition changes, characterized by a doubling of the total body fat proportion, loss of muscle Wbers, and bone loss (World Health Organization 1993; Macaluso and De Vito 2004) . These changes lead to a decrease in muscle strength (De Zwart et al. 1995; Izquierdo et al. 2001; Macaluso and De Vito 2004; Savinainen et al. 2004b ). In general, muscle strength reaches its optimum between the second and the third decade, for women a few years earlier than for men. The maximal muscle strength of a 65-year old person is on average about 75-80% of that person's lifetime maximal muscle strength (Asmussen and HeebollNielsen 1962; De Zwart et al. 1995; Ilmarinen 2001; Macaluso and De Vito 2004) . Savinainen et al. (2004a) reported a decline in muscle strength of the back and arm muscles during 16 years of follow-up among middle-aged subjects.
Muscle endurance has received much less attention in the literature. Unless diVerent physiological changes in the muscle tissue, and muscle blood Xow among older subjects (Bemben 1998) , muscle endurance was found to be unaVected by age, or even to increase with age in some studies (Alaranta et al. 1994; De Zwart et al. 1995; Bemben et al. 1996; Bemben 1998; Hunter et al. 2005) . Older subjects were often found to be more muscle fatigue resistant than younger subjects when sustaining static contractions (Hunter et al. 2005) .
Next to musculoskeletal changes, cardiovascular and respiratory capacity decrease with age, even at a higher degree than the decrease in muscular capacity (De Zwart et al. 1995; Era et al. 2001; Izquierdo et al. 2001; Savinainen et al. 2004b) .
Inter-individual diVerences in the age-related changes of physical capacity are enormous among workers, due to diVerences in the physical activity level. Age-related declines in physical capacity can be slowed down by regular physical training (Rantanen et al. 1993; De Zwart et al. 1995; Ilmarinen 2001; Brach et al. 2004; Macaluso and De Vito 2004) . However, high physical workload was not found to have a long-lasting training eVect on the muscle strength of aging workers (Savinainen et al. 2004b; Ilmarinen 2001) .
In several jobs, the work demands for aging workers are at the same level as for younger workers (Lusa et al. 1994; De Zwart et al. 1995; Sluiter 2006) . Owing to the decreasing working capacity, the resulting workload might change from an acceptable load into daily physical "overload", which might result in long-term health eVects with chronic musculoskeletal symptoms as the main eVect (De Zwart et al. 1997; Seitsamo and Klockars 1997) .
Most studies on age-related diVerences in muscle strength or static muscle endurance consisted of a small study population with a small age-range. Furthermore, few studies focused on a working population, while the agerelated decline in physical capacity has important consequences for the aging worker, because of the risk of an overload at work. In this study, we describe the age-related diVerences in isokinetic lifting strength and static muscle endurance of the low back, neck, and shoulder muscles in approximately 1,500 male and female workers with diVerent professions in the Netherlands. With regard to static muscle endurance, we studied the relation with age both cross-sectionally and longitudinally with a follow-up of 3 years within the same dataset. For isokinetic lifting strength, we stratiWed for gender. In order to account for a potential physical training eVect (Rantanen et al. 1993; De Zwart et al. 1995; Ilmarinen 2001; Brach et al. 2004; Macaluso and De Vito 2004) , we also stratiWed for (self-reported) sports participation.
The objective of the present study is twofold: (1) to quantify the age-related (and gender-speciWc) diVerences in lifting strength and static muscle endurance in a working population, and (2) to investigate whether these are diVerent for workers who participate in sports and those who do not.
Methods
The longitudinal study on musculoskeletal disorders, absenteeism, stress and health (SMASH) is a prospective cohort study among almost 1,800 workers from 34 diVerent companies with a follow-up of 3 years. At baseline in 1993, we assessed muscular capacity, including isokinetic lifting strength and static muscle endurance in the low back, neck and shoulder region. After 3 years of follow-up, measurements of static muscle endurance in the low back, neck and shoulder region were repeated, but for practical reasons, lifting strength was only measured once at baseline.
We selected a study population of workers who worked at least 1 year in their current job for more than 20 h per week, not receiving a sickness beneWt or a permanent disability pension (approximately 1,500 workers).
Measurement of isokinetic lifting strength and static muscle endurance
Trained physiotherapists performed the diVerent tests of muscular capacity. At baseline, isokinetic lifting strength of the back and neck/shoulder muscles was measured. Both at baseline and after 3 years of follow-up, sub-maximal endurance time of static contraction of the back, neck and shoulder muscles was measured.
Isokinetic lifting strength of the low back and neck/ shoulder muscles was measured using the Aristokin dynamometer (Lode BV Medical Technology, Groningen, the Netherlands). The lifting strength was measured during three lifting movements with maximum eVort and a velocity of 40 cm/s with a rest period of 30 s in between, both standardized movements upright from Xoor to hip level, and from hip to shoulder level. Isokinetic lifting strength (in Newtons) was deWned as the average outcome of the second and third lift.
Static endurance of the back, neck and shoulder muscles was deWned as the number of seconds during which the workers could keep a position, while carrying a gender-speciWc load (maximized at 240 and 420 s, for the low back and the neck/shoulder regions, respectively). The BieringSørensen test (1984) was used for the back extensors. During this test, workers were lying prone on a table and had to keep their unsupported upper part of the body in a horizontal position with Wxation of the buttocks and legs. For the measurement of the static endurance of the neck extensors, the workers had to keep their head Xexed in a sitting position, while carrying a loaded helmet of 5 kg for males and 2.5 kg for females. For the measurement of the static endurance of the shoulder elevators, workers had to keep their arms elevated at 90° in a sitting position, while carrying a load of 2.5 kg for males and 1.5 kg for females. The endurance tests were Wnished when a discomfort rating of 5 in the test region or a score of 7 in another part of the body (on a 10-point Borg scale) was reported (Borg 1990; Van der Grinten 1992) .
Workers with contraindications (such as cardiovascular diseases, fever or pregnancy) that might involve a health risk, or that might have an eVect on the results of the tests, were excluded from the physical capacity tests. In addition, workers who reported a discomfort rating of 4 or higher before the start of the test were excluded from the tests. Further details on the diVerent tests of muscular capacity were described elsewhere (Hamberg-van Reenen et al. 2006 ).
Assessment of sports participation
Data on sports participation were assessed using a questionnaire at baseline. The workers were asked for physically demanding sports during the preceding 12 months. Those who never participated in sports in that year were distinguished from those who did participate in sports. Furthermore, a distinction in frequency was made, i.e. participation for 3 h per week or more and participation less than 3 h per week.
Data analyses
We analyzed the course of static muscle endurance by age both cross-sectionally and longitudinally during the followup period of 3 years. To take account of potentially mathematically parabolic relations with age, we analyzed the cross-sectional data using quadratic regression analyses. We added a squared age term as an independent variable to the regression functions. To correct for the dependency of age and squared age, we used the square of age minus mean age (Cohen 2003) . Longitudinally, we analyzed the mean diVerences in static muscle endurance time at baseline and after 3 years of follow-up for 5-year age groups. This was presented as lines from the middle of the 5-year age groups at baseline to the middle of the 5-year age groups 3 years later. The number of workers for the longitudinal analyses was smaller than the number of workers for the cross-sectional analyses, due to loss to follow-up. Furthermore, cross-sectionally, we presented stratiWed results for frequency of sports participation (i.e. never, <0 and <3, anḑ 3 h). Finally, for isokinetic lifting strength, we analyzed stratiWed regression functions for sports participation and gender. To analyze to what extent muscular capacity was statistically signiWcantly diVerent for gender-and sportgroups, we added interaction terms to the regression functions. We presented R 2 and regression functions (a, b1 and b2) in addition to the graphics of the regression functions.
Results
Almost 70% of the workers were male. At baseline, the mean age was 35 years (37 years among men, and 33 years among women); the youngest worker had an age of 19 and the oldest an age of 59. Figure 1 shows the age distribution of the study population (n = 1,578). Figure 2 presents the course of static muscle endurance time according to age. This Wgure presents both the crosssectional relations at baseline (continuous lines), and the mean diVerences between baseline and follow-up for diVerent age groups (longitudinal analyses represented by the lines between upper dots at baseline and lower dots after 3 years of follow-up at the middle of the age groups). Cross-sectionally, the mean performance for static endurance time of the back muscles had its optimum at the age of 36 years, with 85% of that optimum at the age of 59 years. For the neck and shoulder muscles, static muscle endurance time at the age of 59 years was 2.0 and 1.5 times higher, respectively, than static muscle endurance time at the age of 19 years. In contrast, from the longitudinal analyses, it can be seen that static muscle endurance time of the back, neck and shoulder muscles decreased statistically signiWcantly (P · 0.05) among all age groups with values of 77% on average after three years of follow-up compared with the baseline values. The R 2 is 0.05 or lower, which means that 5% or less of the variation in static endurance time can be explained by age. Figure 3 shows baseline static muscle endurance time by age stratiWed for sports participation. It can be seen that there were only small diVerences between the sports participation groups. Younger workers who participated in sports for at least 3 h per week had the longest endurance time. There are only small diVerences between workers who participate in sports for fewer hours per week or not at all. For older workers, either frequently sporting workers (for the back muscles) or moderate frequently sporting workers (for the shoulder muscles) had the longest endurance time or the endurance time is equal for sporting or not sporting workers (for the neck muscles). Ten percent or less of the variation in static endurance time can be explained by age (R 2 between 0.001 and 0.10). Figure 4 presents baseline isokinetic lifting strength by age among men and women stratiWed for three groups with regard to sports participation. Isokinetic lifting strength of the back and neck/shoulder muscles among the men was, respectively, 1.6 and 2.0 times higher than the isokinetic lifting strength among the women. The Wgure shows the highest isokinetic lifting strength among young workers who participated in sports 3 h per week or more, and among older workers who participated in sports less than 3 h per week. The diVerences between men and women were statistically signiWcant (P interaction terms <0.05), but the diVerences between the three groups on sports participation were not statistically signiWcant (P interaction terms >0.10). Of the variation in isokinetic lifting strength, 12% or less can be explained by age.
Discussion

Main results in comparison with previous research
Previous studies reported mixed results with regard to the age-related changes in muscle endurance (Alaranta et al. 1994; De Zwart et al. 1995; Bemben 1998; Hunter et al. 2005) . Cross-sectionally, we found optima of static endurance time of the back muscles at the age of 36 years, However, for the neck and shoulder muscles, static muscle endurance time at the age of 59 years was between 2.0 and 1.5 times higher than at the age of 19 years. In contrast, longitudinally, we found that muscle endurance decreased for all age groups. The direction of the aging eVect was opposite when comparing the cross-sectional with the longitudinal results.
With regard to performance by sports participation, the results of this study suggest that younger workers who participated in sports for 3 hours per week or more had the highest isokinetic lifting strength and the longest static muscle endurance time. This is in-line with results from previous studies (Rantanen et al. 1993; De Zwart et al. 1995; Ilmarinen 2001; Brach et al. 2004; Macaluso and De Vito 2004) . As expected, we found that isokinetic lifting strength was lower at older ages than at younger ages due to the aging process. The diVerences by age were the largest in the group participating in sports for 3 h per week or more, i.e. the plotted lines crossed over between the ages of 30 and 40. Furthermore, the results suggest that older workers who participated in sports between 0 and 3 h per week had better performance in tests of physical capacity than those who were inactive or participated in sports for 3 h per week or more, which was not in-line with our expectation that the age-related diVerences would be smallest among the most active workers.
Possible explanations for the diVerences between the cross-sectional and longitudinal results
The diVerences between the cross-sectional and longitudinal analyses were contrary to our expectations. Owing to a potential healthy worker eVect, we expected to Wnd equal or fewer age-related diVerences in within-worker comparisons compared with between-worker comparisons. However, the results suggest that there was no healthy worker eVect. Several factors can explain this Wnding.
First, there could have been a period or measurement time eVect (Twisk 2003) due to diVerent test circumstances at follow-up compared with baseline. Possible diVerences in test circumstances may have been the result of less motivation of the workers during the tests, to other physiotherapists who conducted the tests or to seasonal eVects. In pilot studies, reproducibility was found to be high for the isokinetic neck/shoulder lifting test and the trunk muscle endurance test and moderate for the other tests of muscular capacity (Hamberg-van Reenen et al. 2006) . However, in the present study, reproducibility between the tests at baseline and follow-up was low (Spearman correlation coeYcients were 0.47 for the back, 0.40 for the neck and 0.51 for the shoulders). This could be an indication of a period eVect. With respect to the motivation of the workers during the tests, most workers were well motivated (on a threepoint scale) both at baseline and at follow-up. However, some were less motivated at follow-up than at baseline. Both at baseline, and at follow-up, the performance among workers who were well motivated was statistically signiWcantly higher than among workers who were moderately or poorly motivated. However, the diVerence between performance at follow-up and at baseline was about the same for well motivated compared with poorly motivated workers. This means that changes in motivation could not explain the diVerences between the cross-sectional and longitudinal analyses. With respect to potential diVerences between the 16 physiotherapists who conducted the tests of muscular capacity, the mean performance diVered statistically signiWcantly both at baseline and at follow-up between the diVerent physiotherapists. This was in spite of a training before the data collection, and moderate inter-rater reliability in the pilot studies (Hamberg-van Reenen et al. 2006) . However, most workers were supported by a diVerent physiotherapist at follow-up than at baseline. When comparing the diVerence in mean performance between follow-up and baseline with the diVerent physiotherapist's combinations at baseline and follow-up, no association was found. Therefore, potential misclassiWcation cannot have been diVerential, which means that a change in physiotherapist cannot explain the diVerences between the cross-sectional and longitudinal analyses. Furthermore, to Wnd out if sports participation or physical workload during follow-up could have played a role, we did additional longitudinal analyses stratiWed for baseline sports participation and for baseline physical workload (deWned as blue collar or white collar work). However, we found no other pattern as the non-stratiWed analyses: the decrease in static muscle endurance during follow-up was comparable for all groups regardless of sports participation or workload. We expected that the baseline results are a good proxy for the follow-up results, because in additional analyses on sports participation during follow-up, sports participation did not change considerable during follow-up on average. Therefore, it does not seem plausible to explain the systemic decrease in static endurance time during follow-up by a systematic decrease in sports participation or physical workload. Finally, no diVerences were found regarding the season of testing. For all workers, the physical tests at follow-up were assessed more or less in the same month 3 years later, with a month diVerence at maximum. In conclusion, because we could not conWrm diVerences in test circumstances, other unknown factors outside the test circumstances should be sought to explain the period eVect.
Second, there could have been a cohort eVect (Twisk 2003) , because the population in the longitudinal analyses was diVerent from the population at baseline in the crosssectional analyses due to loss to follow-up. The loss to follow-up rates were 15% for the low back tests, 31% for the neck tests and 18% for the shoulder tests, respectively. The main reasons for loss to follow-up were general reasons, such as discharge, lack of motivation, et cetera. We investigated if this loss to follow-up could have been selective by comparing the total mean performance at baseline among workers who became lost to follow-up to those who did not become lost to follow-up. The static endurance time of the shoulder muscles at baseline was signiWcantly shorter among those who became lost to follow-up, although the mean diVerence was only 3 s (256 compared to 259 s). In contrast, we found a signiWcantly longer static endurance time of the neck muscles for that group (305 compared to 274 s). This means that there was selective loss to followup, but the diVerence for the shoulder muscles was very small, and the diVerence for the neck muscles was not in the expected direction. Therefore, it seems unlikely that a cohort eVect on muscular capacity could have played a role in the diVerences between the cross-sectional and the longitudinal results.
Third, the statistical analyzing techniques were diVerent, i.e. cross-sectionally, regression analyses were used, and longitudinal, a description of repeated means was presented for 5-year age groups. However, if we had described means in the cross-sectional analyses as well, the results would have been quite the same compared with the estimated regression functions (data not shown). This means that it is unlikely that diVerences in statistical analyzing techniques have contributed to the diVerences between the cross-sectional and longitudinal results.
Finally, a comment should be made on the longitudinal results, since we had only data at two measurements with a three-year interval. Owing to this short interval, in particular compared to the duration of a general working lifetime, conclusions on the longitudinal results have to be taken with caution.
In conclusion, other factors than diVerences in test circumstances, selectiveness of loss to follow-up, or diVerences in statistical analyzing techniques have to be sought to explain the diVerence between cross-sectional and longitudinal results regarding the static muscles endurance.
Conclusions
The results of this study suggest age-related diVerences of isokinetic lifting strength, and static muscle endurance of the back and neck/shoulder muscles. For isokinetic lifting strength and static endurance of the back muscles, the performance was higher among younger workers than among older workers, but for static endurance of the neck and shoulder muscles, the age-related diVerences were opposite. In contrast, after three years of follow-up, decreased static muscle endurance was found for all ages. Factors other than diVerences in test circumstances, or loss to follow-up have to be sought to explain the diVerences between cross-sectional and longitudinal results with respect to static muscle endurance.
Younger workers who participated in sports for 3 h per week or more had the best muscular capacity, but older workers who participated in sports between 0 and 3 h per week had better muscular capacity than those who were inactive or participated in sports for 3 h per week or more.
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